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Abstract

Coronavirus disease 2019 (COVID-19) has become pandemic since March 11, 2020.
Thus, development and integration in clinics of fast and sensitive diagnostic tools
are essential. The aim of the study is a development and evaluation of a one-step
guantitative reverse transcription-polymerase chain reaction (RT-gPCR) assay
(COVID-19 Amp) for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
detection with an armored positive control and internal controls constructed from
synthetic MS2-phage-based RNA particles. The COVID-19 Amp assay limit of de-
tection was 10° copies/ml, the analytical specificity was 100%. A total of 109
biological samples were examined using COVID-19 Amp and World Health Orga-
nization (WHO)-based assay. Discordance in nine samples was observed (negative
by the WHO-based assay) and discordant samples were retested as positive ac-
cording to the results obtained from the Vector-PCRrv-2019-nCoV-RG assay. The
developed COVID-19 Amp assay has high sensitivity and specificity, includes virus
particles-based controls, provides the direct definition of the SARS-CoV-2 RdRp
gene partial sequence, and is suitable for any hospital and laboratory equipped for
RT-gPCR.
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genera of betacoronavirus.* The genome sequence of a novel SARS-
Cov-2 shows 79.0% and 51.8% identity with SARS-CoV and MERS-

The novel infectious disease (coronavirus disease 2019 [COVID-19])
originated from Wuhan, Hubei Province, China, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2; also re-
ferred to as novel coronavirus 2019 [nCoV-19]) has become pan-
demic since March 11, 2020." Cases of COVID-19 are now
widespread including 188 countries.”? SARS-CoV-2 is the third
human-infecting coronavirus causing severe disease as well as SARS-
CoV and middle east respiratory syndrome-related coronavirus
(MERS-CoV.)® SARS-CoV-2 is classified as a member of the subfamily
Coronavirinae in the family Coronaviridae and the order Nidovirales, a

CoV, respectively,”” as well as the mechanism of cell entry using
angiotensin-converting enzyme 2 receptor.® The virus was initially
called nCoV-2019, until the Coronaviridae Study Group of Interna-
tional Committee on Taxonomy of Viruses named the virus SARS-
CoV-2 based on the phylogenetic analysis, on February 11, 2020.°
According to the current hypothesis, the first transmission occurred
between bats and a yet-to-be-defined intermediate host animal.'®
The most common symptoms related to COVID-19 are fever and
cough®™'? but 22% of patients develop shortness of breath and

dyspnea.’®> SARS-CoV-2 can be transmitted from human to human.
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The mode of transmission is through direct contact and droplet
spread.’® In addition, SARS-CoV-2 showed the stability in aerosols
(<5 um) for at least up to 3 h and may be more stable on plastic and
stainless steel than on copper and cardboard.*”

Accurate diagnosis of COVID-19 cannot be set based on symp-
toms due to their nonspecificity. According to the Guan et al.* re-
port, 44% of 1099 COVID-19 patients from China exposed a fever
when they entered the hospital and 89% developed a fever while in
hospital. Thus, diagnostics can play an important role in the locali-
zation of COVID-19, ensuring the rapid implementation of control
measures limiting spread through isolation and contact tracing. The
most widely used diagnosing and screening COVID-19 techniques
are nucleic acid testing and computer tomography (CT) scans.'**”
However, molecular techniques are more suitable than syndromic
testing targeting specific pathogens when CT scans can only provide
an approximate pathology.*®

Real-time quantitative polymerase chain reaction with reverse
transcription (RT-gPCR) is a widely used technique to detect viral
pathogens. As for COVID-19 diagnostics, RT-gPCR could target
several conserved regions of SARS-CoV-2 genome'???: (1) the RNA-
dependent RNA polymerase gene in the open reading frame
ORF1ab region, (2) the envelope protein gene (E), and (3) the nu-
cleocapsid protein gene (N). Both the RdRP and E genes had high
analytical sensitivity for detection, whereas the N gene provided
poorer analytical sensitivity.”® The assay also could involve two-
target system detection, where a first primer set detects numerous
coronaviruses including SARS-CoV-2 and a second primer set is
unique for SARS-CoV-2.>*

Leastwise 11 nucleic-acid-based methods have been approved in
China by the National Medical Products Administration for diag-
nosing SARS-CoV-2.2° Nevertheless, RT-qPCR is the most generally
used method for detecting COVID-19 in respiratory samples.?® The
United States Centers for Disease Control and Prevention uses an
approved one-step real-time RT-qPCR assay to detect the presence
of SARS-CoV-2. Approximately 11 kits based on RT-gPCR were ap-
proved in the Russian Federation by June 22, 2020 (https://www.
roszdravnadzor.ru/). But none of them represents suitable internal

and positive controls. Here, we presented a highly sensitive and
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selective one-step RT-gPCR assay for the SARS-CoV-2 diagnostics
(COVID-19 Amp), targeting the constant region of RNA-dependent
RNA polymerase gene. The COVID-19 Amp includes armored re-
combinant RNA controls and possesses imitation of viral RNA
extraction.

2 | MATERIALS AND METHODS

2.1 | Determination of conservative sites of
SARS-CoV-2 genome, and primers/probes design for
RT-qPCR

The sequences of the SARS-CoV-2 genome available in GenBank in
February 2020 were aligned using BLAST software. A 113 bp frag-
ment of RNA-dependent RNA polymerase (GenBank ID D:
NC_045512.2, coordinates 1384-1490) was chosen as a target for
amplification using PLOTCON (http://emboss.bioinformatics.nl/cgi-
bin/emboss/plotcon). The primers and probes were designed
according to the current guidelines of RT-PCR techniques.?” The
primers melting temperatures were calculated using the oligonu-
cleotide properties calculator (http://biotools.nubic.northwestern.
edu/OligoCalc.html). The analysis of thermodynamic characteristics
and secondary structure formation of the probes was conducted
using Mfold software (http://unafold.rna.albany.edu/?q=mfold).
Probes were modified with attaching of the fluorescent reporter dye
rhodamine 6G and black hole quencher 1 at the 5 and 3’ ends,
respectively. The probe CoV_pr was tagged at 5’ end for preventing
stable secondary structure formation. The primers and probes were
synthesized by DNA-Synthesis, sequences are presented in Table 1.

2.2 |
samples

Characterization of patients and biological

Patients with clinical manifestations of acute respiratory viral in-
fection symptoms were tested for SARS-CoV-2 using RT-qPCR de-

tection. The average age of 109 patients (43 males, 66 females) was

TABLE 1 Features of the primers and the probes used in the COVID-19 Amp assay

Primer/probe  Sequence 5'-3’ Probe type Gene target

CoV_pr R6G - TCT TgC CgA ATA CCA TagMan RdRp
TAA TgA ATC Tgg CAA - BHQ1

CoV_for TCA CAA TTC AgA AgT Agg RdRp
ACC Tg

CoV_rev AgC CTC CAA Agg CAA RdRp
TAg TgC

ICS_pr FAM - CTA gCT ggg CgT Cag TagMan Artificial
gAA TCC Cag g - BHQ1 target

ICS_for CCG GAT TGC GTA TCT CCG Acrtificial
GACT target

ICS_rev CAC GGC GGC ATC TCT ATC Artificial
ACG A target

Abbreviation: COVID-19, coronavirus disease 2019.

Number of nucleotides Coordinates on genome (GenBank ID MT457401.1)

30 1414-1441
23 1384-1406
21 1470-1490
25 -
22 -
22 =


https://www.roszdravnadzor.ru/
https://www.roszdravnadzor.ru/
http://emboss
http://biotools.nubic.northwestern.edu/OligoCalc.html
http://biotools.nubic.northwestern.edu/OligoCalc.html
http://unafold.rna.albany.edu/?q=mfold
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49 years (from 21 to 88), the disease course was mild in 71.6%
(n=78) and moderate in 28.4% (n=31) cases. All patients received
nonspecific treatment at home without hospitalization. No lethal
outcomes were registered.

Nasopharyngeal swabs were used as examined biological mate-
rials. Samples from patients were collected using commercially
available swabs systems at 2-8 days after the onset of COVID-19.
Maximum time storage was estimated as 48 h at 2-8°C with the
following shipping on ice pack during no longer than 24 h. Nucleic
acid extraction from all 109 samples was performed using the RIBO-
Prep Kit (AmpliSens) with subsequent storage at -70°C.

2.3 | Content of reaction mixture and
amplification mode

The total volume of reaction mix for the sample was 25 pl containing the
following: 1 pl of BioMaster Mix (Biolabmix); 12.5 ul of 2X reaction buffer
(Biolabmix); 0.25 pl of each primer and probe (Cov._for, Cov_rev, Cov_pr)
with final concentration 0.4puM for primers and 0.28 uM for probe;
0.25 ul of each primer and probe of the internal control sample (ICS)
(ICS_for, ICS_rev, ICS_pr) with the final concentration 0.2 uM for primers
and 0.12 uM for probe; and 10 pl of the RNA sample. The amplification
regimen was the following: 50°C for 15 min, 95°C for 5 min, and then 40
cycles of 95°C for 10s and 57°C for 30 s. Fluorescence was observed at
57°C in JOE (for SARS-CoV-2) and FAM (for ICS) channels. The reaction
was performed using the BioRad CFX96 amplificator. The fluorescence
threshold was established as the middle value of the linear increase in
the positive-control fluorescence elevation in the logarithmic units. Am-
plification results were considered positive if the level of fluorescence
crossed the threshold. As controls of the RT-gPCR, an external positive
control for PCR (C+) and an armored recombinant positive control for
reverse transcription (ARC+) were applied. The ICS (armored MS2 par-
ticles contained artificial RNA sequence) was used to monitor RNA ex-
traction; for this purpose, ICS-specific primers and probe were added to
the reaction mixture. In addition, negative control for extraction (EC-)
and PCR (C-) was used to exclude false-positive results due to possible

or unintentional cross-contamination.

2.4 | Positive controls and internal controls
preparation

The complementary DNA (cDNA; 113bp) of SARS-CoV-2 RNA-
dependent RNA polymerase gene region that included the primers
and probe-target sequences was constructed using previously de-
veloped step-out amplification.?® The final PCR product was purified
by Zymoclean Gel DNA Recovery Kit (Zymo Research), ligated into
the pGEM-T plasmid vector (Promega), and transformed into
Escherichia coli (XL1-Blue strain). Recombinant plasmids from individual
bacterial clones were purified using a Plasmid Miniprep Kit (Axygen).
The quality (orientation and nonmutant sequence) of the cloned PCR
fragment was estimated by Sanger sequencing (ABI-Prism 3500 XL,

Applied Biosystems). The diluted plasmid of known concentration
was used as C+. In addition, the same cDNA fragment was used in
ARC+ representing MS2-phage particles (armored particles [ARP])
contained an artificial target sequence.’”*° The technology of
creating ARP used the PCR fragment containing the target region
with additional flanking nucleotides that were ligated into a linear-
ized in-house plasmid vector containing the MS2 coat protein gene.
After confirming the correctness by Sanger sequencing, the gener-
ated recombinant plasmid was transformed into E. coli (strain B21)
with subsequent protein expression induction by isopropyl-L-thio-b-
galactopyranoside. Then, the cells were collected, lysed with com-
bined lysozyme and freeze-thawing, and treated with DNase | (Life
Technologies) and RNase A (Life Technologies). The obtained pro-
duct was then purified using CsCl gradient centrifugation, measured
in concentration, and diluted in RNAlater Stabilization Solution (Life
Technologies). The absence of residual DNA in the treated sample
was verified using the developed qPCR assay without the reverse
transcription step. The C+ and ARC+ concentrations were measured
with a QX100 system (BioRad) using a PCR Supermix for Probes Kit
(BioRad), a One-Step ddPCR Supermix for Probes Kit (BioRad),
specific primers, and suitable probes as per the manufacturer’s
instructions.

To evaluate the efficiency of RNA extraction, an ICS was added
to the analyzed samples. The ICS is an artificial RNA sequence
(150-170nt, guanine-cytosine content 50%; see Table 1), sur-

rounded by an MS2-derived protective protein coat.

2.5 | Limit of detection

The limit of detection (LOD) of the SARS-CoV-2 assay was de-
termined using a series of 10-fold dilutions of ARPs (described
above). In particular, 10-fold RNase-free water-diluted ARPs of
known concentrations with the final volume of 100 ul were extracted
using the RIBO-Prep Extraction Kit (AmpliSens), in accordance with
the manufacturer’s instructions, and then tested using the SARS-
CoV-2 assay to establish the standard curves and LOD. The LOD was

set as the minimal dilution detected in three replicates.®?

2.6 | Assay cross-reactivity

The absence of cross-reactivity was proved by negative results of the
viral panel detection that contained solutions of viral RNA and DNA
from seven viral species. The analytical specificity of the COVID-19

Amp assay was determined as 100%. The summary of RNA or DNA
of viruses that were examined in the study is shown in Table 2.

2.7 | Diagnostic sensitivity and specificity

The COVID-19 Amp assay diagnostic sensitivity and specificity were

determined using the detection of RNA extracted from



GONCHAROVA ET AL

JOURNAL OF

Species Family Genus

MERS-CoV Coronaviridae Betacoronavirus

Coronavirus 229E Coronaviridae Alphacoronavirus

Coronavirus NL63 Coronaviridae Alphacoronavirus

Coronavirus OC43 Coronaviridae Betacoronavirus

Adenovirus 3 type Adenoviridae Mastadenovirus

RC-virus Pneumoviridae Pneumovirus

Parainfluenza virus 3 type Paramyxoviridae Paramyxovirus

Abbreviations: COVID-19, coronavirus disease 2019; MERS-CoV, middle
syndrome-related coronavirus.

nasopharyngeal swab samples. All 109 SARS-CoV-2 positive samples
were tested by the COVID-19 Amp assay and by the assay based on
the World Health Organization (WHO) recommended set of primers
and regimens (the WHO-based assay; Table 3). The 95% confidence
interval for a proportion was calculated according to Robert G.
Newcombe.®? In addition, for discordant samples verification, we
applied another diagnostic assay Vector-PCRrv-2019-nCoV-RG
(Vector) that is widely used for COVID-19 diagnostics in Russia.

3 | RESULTS

Conducted multiple alignments of the sequences of SARS-CoV-2
available in the GenBank enabled the identification of highly con-
served regions for the designing of the SARS-CoV-2-specific primers
and respective probes (Table 1). Chosen oligonucleotide primers and
fluorescent probes were designed and synthesized, and the SARS-
CoV-2 -specific assay was invented. The presented assay contained
all components required for RT-gPCR. The proposed assay allows the
validation of all diagnostic steps, including extraction, reverse tran-
scription, and PCR. Moreover, the usage of EC- and C- provide the
minimization of the risk of false-positive results due to reduced
cross-contamination. The LOD determined by ARP serial dilutions
was 10° copies/ml. Standard detection was linear ranging from
10® (C,=21.08-22.17) to 10 copies/ml (C=38.17-39.16) of the
SARS-CoV-2 ARPs (R?=.97-.99; Figure 1). The cross-reactivity po-
tential was estimated using the detection of high-titer RNA or DNA
from seven viral species with an absence of positive reaction with the
COVID-19 Amp. Therefore, the evaluated analytical specificity was
determined as 100%. To verify the competence of COVID-19 Amp
for SARS-CoV-2 diagnostics, we examined the same 109 biological
samples previously detected using the WHO-approved protocol for
SARS-CoV-2 detection.’” The C; values of the positive samples
analyzed by COVID-19 Amp ranged from 16.7 to 32.6 cycles, and for
WHO protocol from 19.4 to 39.96 (Table 3). The mean C; value
difference of COVID-19 Amp and WHO protocol was 2.2 with less C;
for COVID-19 Amp which determines appropriate relevance of

COVID-19 Amp assay for clinical usage. Discordance in nine samples
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Type of nucleic acid

RNA
RNA
RNA
DNA
RNA
RNA

east respiratory

was observed (negative by the WHO-based assay and positive by the
COVID-19 Amp assay). However, the discordant samples were re-
tested as positive according to the results obtained from the Vector-
PCRrv-2019-nCoV-RG assay (Table 4). Thus, the COVID-19 Amp
assay was found to be more convenient for diagnostics than the
WHO-based assay.

4 | DISCUSSION
Forced by public health needs, there were developed a lot of diag-
nostic RT-gPCR Kits for SARS-CoV-2 identification. As reported by
van Kasteren et al.,** commercial RT-PCR Diagnostic Kits for
COVID-19 (Altona Diagnostics, BGI, CerTest Biotec, KH Medical,
PrimerDesign, R-Biopharm AG, and SeeGene) manufactured in sev-
eral countries (Germany, China, Spain, Korea, England) showed
variable sensitivity with the presence of false-negative results.
However, all examined RT-PCR Kits performed 296% PCR efficiency
and the estimated LOD varied within a sixfold range between kits.
Moreover, not every diagnostic kit contains appropriate controls like
MS2-phage-based particles to provide adequate nucleic acids’ ex-
traction monitoring?® that is very important for the contamination
screening. Also, RT-gPCR COVID-19 diagnostics in several countries
(like China, USA, Germany) is based on a two-target system, where
one primer set universally detects numerous coronaviruses including
SARS-CoV-2 and a second primer set only detects SARS-CoV-2.202>34
One-target assays can also provide high specificity with decreased
primers nonspecific interactions. The proposed COVID-19 Amp
assay is one-target and assures the precise SARS-CoV-2 RdRp
gene detection with no cross-reactivity with other respiratory
viruses.

Concerning the rush in the development of RT-gPCR SARS-CoV-
2 detection systems in Russia, these kits also possessed analytical
specificity and sensitivity issues. Several assays used in Russia and
registered up to June 22, 2020 are characterized in Table 5. Some
announced assays declare very low LOD, however the most typical
sensitivity of viral RT-qPCR usually is not less than 10° copies/ml.>*

Therefore, there is a lack of diagnostic kits with sufficient
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TABLE 3 The list of biological samples from humans used for assessing diagnostic sensitivity of the COVID-19 Amp assay

C; COVID- C: WHO C, COVID- C: WHO C; COVID- C: WHO

No. Sex Age 19 Amp protocol No. Sex Age 19 Amp protocol No. Sex Age 19 Amp protocol
1 F 63 24.04 26.03 35 M 27 21.24 24.39 69 F 21 24.46 27.51
2 F 50 19.66 21.06 36 M 29 2011 21.73 70 M 73 2610 24.40
3 F 49 1946 23.08 37 F 73 2117 23.29 71 F 82 2349 24.61
4 F 62  27.14 27.36 38 F 59 2520 26.60 72 M 88 20.29 23.77
5 M 34 18.41 21.75 39 F 41 22.79 24.53 73 F 69 25.56 28.16
6 F 49 2224 22.93 40 M 53 2419 24.56 74 F 67 2204 25.22
7 F 37 19.74 23.23 41 M 65 26.68 26.54 75 F 83 23.19 24.43
8 F 24 25.55 35.81 42 F 61 21.18 23.07 76 F 65 18.90 22.85
9 M 32 20.92 23.52 43 F 38 19.92 22.05 77 M 31 24.93 26.69
10 M 56 2307 24.62 4 M 57 2204 2252 78 M 33 2342 27.19
11 F 37 26.76 28.36 45 M 27 21.51 23.30 79 M 40 24.89 27.65
12 M 59 2909 39.96 46 M 24 2361 27.19 80 M 58 2321 26.34
13 F 23 2163 23.72 47 F 36 2306 23.16 81 F 27 2656 27.85
14 F 52 2621 27.90 48 F 51 1853 23.04 82 F 28  19.35 2253
15 F 54 2513 28.05 49 F 61  25.36 27.03 83 F 63 2296 28.22
16 F 59 28.73 28.29 50 M 64 24.51 25.55 84 M 73 19.07 22.81
17 M 25 2203 24.12 51 F 23 2263 25.44 85 F 59 2667 30.04
18 F 31 2584 25.72 52 F 33 2883 30.76 8 M 23 2809 29.52
19 M 56 19.27 22.80 53 F 47 25.04 28.04 87 M 61 28.31 30.44
20 F 40  20.53 23.10 54 F 50 2048 23.49 88 F 53 2940 22.03
21 F 40 32.58 27.45 55 F 39 21.29 22.69 89 F 47 29.43 32.60
22 M 43 23.19 27.01 56 F 48 24.33 27.94 90 M 39 26.52 28.28
23 F 57 2256 23.30 57 M 30 2059 23.37 91 F 40 2979 30.94
24 F 46 21.34 2543 58 F 60 21.02 23.12 92 F 33 26.37 27.23
25 F 30 2223 24.94 59 M 44 18.30 2244 93 F 34 2621 29.24
26 F 48  20.16 23.63 60 M 51 2379 25.80 94 F 56 17.01 20.81
27 M 70 2129 24.37 61 F 56 2410 25.26 95 F 55 2242 23.79
28 M 23 23.77 25.47 62 M 26 16.72 19.40 96 F 49 28.05 28.39
29 M 68 2204 26.02 63 F 71 20.64 23.78 97 ™M 47 2305 26.06
30 M 25 2085 24.73 64 F 64  19.00 2228 98 F 58 2178 25.30
31 M 40 3132 24.58 65 F 86  26.82 2853 99 M 50 2455 28.25
32 A 58 2352 26.46 66 F 41 2385 2573 100 F 70  27.15 3043
33 F 49 2231 23.37 67 M 48 2375 26.18

34 F 79 18.14 22.72 68 M 31 25.21 26.37

Note: Biological samples swabs from the nasopharynx were applied.
Abbreviations: COVID-19, coronavirus disease 2019; F, female; M, male; WHO, World Health Organization.
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FIGURE 1 The COVID-19 Amp assay LOD determined using
ARPs. Standard detection was linear ranging from 10° to 10 copies/
ml of the SARS-CoV-2 ARPs. The LOD was set as the mean minimal
dilution detected in three replicates. ARP, armored particle;
COVID-19, coronavirus disease 2019; LOD, limit of detection;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

TABLE 4 The list of discordant biological samples that were the
WHO-based assay negative

No. Sex Age Disease course C; COVID-19 Amp C; Vector
1 F 38 Mild 34.21 29.56

2 F 68 Moderate 26.24 30.47

3 M 46 Mild 28.91 331

4 F 71 Moderate 29.75 25.17

5 M 68 Moderate 25.22 244

6 M 51 Mild 25.61 28.68

7 M 64 Moderate 24.03 26.85

8 M 24 Mild 25.37 24.98

9 F 65 Moderate 25.23 28.24

Note: Biological samples swabs from the nasopharynx were applied.
Abbreviations: COVID-19, coronavirus disease 2019; F, female; M, male;
WHO, World Health Organization.
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characteristics. Developed COVID-19 Amp assay could reduce the
number of false-positive and false-negative SARS-CoV-2 results and

benefit clinical screening of COVID-19 infection.

5 | CONCLUSION

The ongoing increase in cases of COVID-19 around the world now is
driven by local transmission.*® Therefore, there is an intense public
health necessity for high-fidelity diagnostic tests for SARS-CoV-2 in-
fection. Asymptomatic infection and transmission in patients with
COVID-19* greatly increase the demand for screening a massive pool
of people. Moreover, the viral load in hospitalized patients could be

83 and infection cannot

variable with no disease severity correlation
be excluded after a single negative RT-gPCR test for SARS-CoV-2.
Here, we characterized a developed RT-qPCR assay named COVID-19
Amp for precise detection of SARS-CoV-2 in clinical practice. The major
advantages of our COVID-19 Amp assay are high sensitivity and speci-
ficity, presence of virus particle-based controls (ARCs+ and ICS) for ex-
traction monitoring and DNA positive control (C+) for gPCR monitoring,
and direct definition of SARS-CoV-2 RdRp gene partial sequence in the
clinical sample without genus-specific primers application. The clinical
workflow for using COVID-19 Amp for COVID-19 diagnostics is suitable

for any hospital and laboratory equipped for RT-gPCR testing.
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TABLE 5 Characterization of several SARS-CoV-2 RT-gPCR assays registered in Russia by June 22, 2020

Assay Manufacturer Plexity
Vector-RT-PCR-2019- Vector, State Research  SARS-CoV-2
nCoV-RG Center of Virology and
Biotechnology
Real-Best RNA SARS- Vector-Best JSC SARS-CoV-2
CoV-2
SARS-CoV-2/SARS-CoV ~ DNA-Technology SARS-CoV-2,
TS LLC SARS-CoV-like
COVID-19 OneStep Genotek SARS-CoV-2
AmpliPraim SARS-CoV- NextBio SARS-CoV-2

2 DUO

Target Controls Declared LOD

ORF1la C+—plasmid DNA, ICS—synthetic 10° copies/ml
short RNA, C- of RNA

No data C+—plasmid DNA, ICS—synthetic 102 copies/ml
short RNA, C- of RNA

E, N C+—plasmid DNA, ICS—synthetic 500 copies/ml
short RNA, C- of RNA

No data  Positive control sample (PCS)— 102 copies/ml
synthetic short RNA, C- of RNA

ORF1a,S PCS—synthetic short RNA, ICS— 10° copies/ml

synthetic short RNA, C-, EC- water of RNA

Abbreviations: C+, positive control; EC-, extraction; ICS, internal control sample; LOD, limit of detection; ORF, open reading frame; RT-qPCR,
quantitative reverse transcription-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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